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INTRODUCTION
Among the more than 20 million Americans who have diabetes, approximately 30% of the cases are undiagnosed (1) . An additional 42 million people in the United States have pre-diabetes (impaired glucose tolerance [IGT] , impaired fasting glucose, or both), a condition that often leads to diabetes if it is not treated (1) .
The dramatic 41% increase in prevalence of diabetes during the 1990s was characterized by a shift to a younger age at onset. The prevalence of diabetes increased more than 70% in the age-group 30 to 39 years (1) .
The longer the duration of poorly controlled diabetes, the greater the risk for development of vascular complications, including retinopathy, end-stage kidney disease, neuropathy, and coronary artery disease. These complications are not only debilitating but also expensive. In 2002, health-care costs for diabetes in the United States surpassed $132 billion (1) . These costs were primarily related to the treatment and consequences of complications of diabetes (2) .
Several large prospective studies have shown that intensive treatment of diabetes can decrease the chronic complications associated with this disease (3) (4) (5) (6) . There seems to be no glycemic threshold for reduction of complications; the lower the hemoglobin A1c (A1C) level, the lower the rate of occurrence of diabetes-related complications (7) .
Advances in pharmacologic therapies and new treatment technologies can facilitate reduction of blood glucose values in patients with diabetes to near-normal and achieve glycemic goal levels recommended in current practice guidelines. Nevertheless, the management of patients with diabetes in the United States has actually worsened during the past decade (8) . Data from the National Health and Nutrition Examination Survey III in 1994 showed that only 44% of patients with type 2 diabetes achieved an A1C level of less than 7% (9) . By the year 2000, this proportion actually decreased to 37% (10) . Recently, at an American Association of Clinical Endocrinologists (AACE) meeting, a report on the state of diabetes health showed that, in a study of 157,000 Americans in 39 states, two-thirds of the subjects with type 2 diabetes had A1C values above the American College of Endocrinology (ACE) goal for glycemic control of 6.5% or less (American College of Endocrinology/ American Association of Clinical Endocrinologists. State of Diabetes in America: Striving for Better Control. Available at: http://www.aace.com/pub/StateofDiabetes/ stateofdiabetes.php). Clearly, more aggressive and comprehensive application of these available treatment options, supported by diabetes education, is needed.
On January 31, 2005, ACE and AACE convened a 2-day consensus conference to review current research and address questions relevant to the treatment of diabetes. The conference brought together US and international diabetes researchers, clinical and educational experts, and 1. Are we in the medical community intervening early enough to address glycemic control and insulin resistance in glucose-intolerant states?
No. Numerous studies have shown that significant cardiovascular disease may develop years before the clinical onset of diabetes (7, 11, 12) . In epidemiologic studies, hyperglycemia has been found to have a strong association with the subsequent development of cardiovascular disease. In the absence of an intervention, IGT, characterized by postprandial hyperglycemia, often progresses to type 2 diabetes.
Additionally, recent data from the Epidemiology of Diabetes Interventions and Complications (EDIC) Study (13) , a follow-up analysis of the Diabetes Control and Complications Trial (DCCT) (3), demonstrate the importance of early intervention to lower blood glucose levels aggressively to decrease complications years later. In the EDIC Study (13), the 2 original DCCT treatment cohorts (intensive and conventional glycemic control groups) were evaluated for A1C, retinal and renal complications, and cardiovascular events yearly after the conclusion of the DCCT in 1993. Glycemic control no longer differed substantially (A1C ~8.1%) between the 2 original DCCT treatment groups beginning at year 4 of follow-up to the publication date. Patients who had been intensively treated during the DCCT study period, however, showed significant decreases in risk for nephropathy, retinopathy, and cardiovascular complications in comparison with study subjects from the conventional treatment arm at years 5 through 8 of follow-up. In essence, the benefits of early intensive treatment during the DCCT extended well beyond the time of the intensive therapy, an indication that the vascular system has a "metabolic memory" for previous glycemic control.
Sufficient data are available to support the recommendation of intervention to prevent progression of IGT to type 2 diabetes. Targeted screening should be performed at age 30 years for populations at high risk for the development of diabetes ( Table 1 ). The 2-hour oral glucose tolerance test is the most sensitive method for detection and is the recommended screening procedure. Large randomized controlled studies have shown the effectiveness of lifestyle interventions in preventing the progression of IGT to type 2 diabetes; for example, a 58% reduction in the incidence of type 2 diabetes was demonstrated in both the Diabetes Prevention Program (14) and the Finnish Diabetes Prevention Study (15) .
Clinical trials have also shown several pharmacologic agents to be effective in reducing IGT conversion to type 2 diabetes. Such investigations include the Diabetes Prevention Program (metformin, troglitazone) (14) , the Study to Prevent Non-Insulin-Dependent Diabetes Mellitus (acarbose) (16) , Troglitazone in the Prevention of Diabetes (troglitazone) (17) , and Xenical in the Prevention of Diabetes in Obese Subjects (orlistat) (18) . Although troglitazone, a thiazolidinedione, is no longer available, several other thiazolidinediones with similar properties are being studied. Patients with IGT frequently have increased cardiovascular risk factors. Treatment of these risk factors is necessary to reduce the occurrence of cardiovascular events. Epidemiologic studies have shown postchallenge hyperglycemia to be a strong independent risk factor for cardiovascular disease. Thus, another potential benefit of treating the hyperglycemia associated with IGT may be the subsequent reduction of cardiovascular disease. The Study to Prevent Non-Insulin-Dependent Diabetes Mellitus (16) showed that targeting postprandial hyperglycemia with use of an α-glucosidase inhibitor delayed the progression from IGT to type 2 diabetes and was asso- Current recommendations for the diagnosis and treatment of diabetes are adequate (19) . Studies have found that, when current glycemic goals are achieved early, beta cells are preserved (17) . Furthermore, early glycemic control in patients with diabetes has been shown to yield residual long-term benefits in reducing vascular complications (13) . Nevertheless, reports have indicated that clinicians often are reluctant to follow these recommendations; the result is a substantial delay in intensive treatment.
Is A1C the most important measure of glycemic control? What is the effect of glycemic excursions on the development and progression of complications?
The A1C value, which is the sum of both fasting and postprandial glucose excursions during a 2-to 3-month period, is considered by many authorities to be the "gold standard" (albeit imperfect) for assessing long-term glycemic control. A recent study by Monnier et al (20) showed that the relative contributions of postprandial glucose and fasting glucose to A1C elevations in patients with type 2 diabetes are dependent on the A1C level; the lower the A1C value, the greater the postprandial contribution. In contrast, the higher the A1C level, the greater the contribution of the fasting glucose. Therefore, controlling both fasting and postprandial glucose levels at all times is necessary to achieve the A1C target. The closer the A1C level approaches to target values, the greater the emphasis needs to be placed on controlling the postprandial glucose excursions.
A key limitation of using A1C as a measure of glycemic control is the lack of timeliness. Of even more importance, A1C values do not provide information to the physician or patient about glucose excursions throughout the day. Hence, self-monitoring of blood glucose (SMBG) is needed to assess short-term glucose control and make appropriate and timely changes in patient treatment regimens.
Use of SMBG is particularly valuable in identifying and assessing postprandial glucose excursions in patients. As previously mentioned, epidemiologic data have shown that postchallenge hyperglycemia is associated with cardiovascular disease risk (12) . Experimental data have suggested mechanisms by which postprandial glucose "spikes" cause oxidative stress and adversely affect endothelial function (21) (22) (23) . In a recent study by Esposito et al (22) , postprandial hyperglycemia was assessed as a possible risk factor for cardiovascular disease in patients with type 2 diabetes. Results from that study showed that reductions in postprandial hyperglycemia were associated with regression of carotid intima-media thickness (IMT), a known surrogate marker for coronary artery atherosclerosis (22).
Are the current glycemic targets achievable?
Yes. ACE glycemic targets have been achieved in clinical practice and by a significant number of subjects in some reported studies (24, 25) . Persistent titration of appropriate therapies can achieve glycemic targets without unacceptable hypoglycemic episodes. Medical nutrition therapy and lifestyle interventions are the cornerstones of all treatment regimens. Early use of combination pharmacologic therapies (combinations of orally administered agents, orally administered agents plus insulin, or orally administered agents in conjunction with incretin mimetics) along with medical nutrition therapy and lifestyle interventions is more effective in achieving and maintaining glycemic targets than are monotherapies. Other therapies should be added when glycemia begins to exceed the established targets. Current ACE targets for glycemic control are as follows:
• A1C ≤6.5%
• Fasting/preprandial plasma glucose <110 mg/dL • 2-hour postprandial plasma glucose <140 mg/dL Early use of insulin therapy is frequently needed for timely achievement of glycemic goals. In type 2 diabetes, glycemic targets may be achieved by use of basal insulin plus orally administered agents or basal-bolus insulin regimens; premixed insulin preparations can be used in special situations. Basal-bolus insulin regimens or insulin pump therapy is indicated for all patients with type 1 diabetes.
Insulin therapy should be tailored to minimize hypoglycemic events. Hypoglycemia is less of a risk in patients with type 2 diabetes than in those with type 1 diabetes. Use of insulin analogues has been shown to reduce the incidence of hypoglycemia. As recommended in the AACE glycemic guidelines (19) , glycemic targets and therapy should be individualized to meet the needs and conditions of each patient.
In patients with diabetes, insulin resistance, and the metabolic syndrome, treatment with a combination of insulin and orally administered agents for insulin resistance is frequently helpful. This approach can lower the insulin dose required and improve many of the nontraditional cardiovascular risk factors.
How important is glycemic control in reducing macrovascular complications?
It is likely quite important. As discussed in the foregoing material, epidemiologic data (5,6) and evidence from experimental trials by Esposito et al (22) demon-strate a relationship between glycemia and cardiovascular disease. Epidemiologic and interventional data from the United Kingdom Prospective Diabetes Study (5, 6) show that improved glycemic control decreases the rate of macrovascular events. Data from the DCCT/EDIC Study substantiate that early and aggressive glycemic control reduces the risk for both microvascular complications and macrovascular disease (26) . At 8 years of follow-up, study subjects who had been treated conventionally during the DCCT had significantly greater carotid IMT, a proven surrogate marker for atherosclerosis, and a significantly higher rate of coronary artery calcification than did those treated intensively despite similar A1C levels (26) . Data presented at the 2005 annual meeting of the American Diabetes Association and published in the New England Journal of Medicine in December 2005 showed that after 13 years the intensively treated DCCT group had significantly fewer (57% reduction) clinical cardiovascular events than did the conventionally treated group from the DCCT. A similar long-term follow-up of the United Kingdom Prospective Diabetes Study cohorts revealed that intensive glucose control significantly reduced the frequency of myocardial infarctions. Moreover, experimental studies have reported a strong relationship between glycemic control, particularly postprandial glucose levels, and a reduction in carotid IMT (21-23).
How can current therapies and interventions be
implemented to achieve glycemic control?
Clinical Strategies
Effective intervention begins with an uncompromising insistence to treat to target. This management approach involves early initiation of appropriate therapies in conjunction with timely and persistent titration of dosages in order to achieve established glycemic targets.
Because diabetes is primarily a self-managed disease, patient education in self-management skills is essential for implementing interventions. An effective program involves acquisition of self-management knowledge and skills, which translate into behavioral changes. Initial and ongoing self-management education must be made available to all patients with diabetes (27, 28) .
In addition, SMBG is a critical resource for the management of diabetes. When performed with sufficient frequency, SMBG readings enable patients and their healthcare professionals to make informed decisions about lifestyle choices and adjustments in pharmacologic therapy. SMBG can also provide ongoing feedback to patients about their nutrition and physical activity. Thus, it is a very important educational tool.
Systems Strategies
A key obstacle, however, to implementing effective interventions is a lack of supportive health-care systems. Too often, a fragmented health-care delivery system is a major contributor to suboptimal care. Such a system lacks clinical information capabilities, frequently duplicates services, and is poorly structured to deliver long-term care for chronic conditions.
Chronic care models that are focused on both outcomes and prevention have been developed and proposed as viable alternatives to our current health-care systems to address these problems (28) . Implementation of new models often necessitates innovative approaches and system changes. For example, the International Diabetes Center in Minneapolis, Minnesota, has pioneered the use of group education in an effort to reach more people with diabetes. This educational approach was shown to be as effective as traditional one-on-one education, but at substantial cost savings (30) . Another innovative approach used by the International Diabetes Center was the provision of group diabetes education at the worksite of a major employer. This intervention had a positive effect on metabolic and educational outcomes.
Similarly, redesigning systems to accommodate diabetes education in primary care practices in western Pennsylvania had a positive influence on behavioral and metabolic outcomes (31, 32) . Several other organizations have implemented elements of a chronic care model to improve diabetes care processes and outcomes in community, worksite, and primary care practice settings and have thereby achieved positive results. Integrating a multifaceted approach to improving diabetes care has been shown to optimize outcomes.
The elements of a chronic care model include the following factors: decision support, clinical information systems, self-management education, and delivery system redesign (28) . In an effort to help health-care professionals organize their diabetes care, the National Diabetes Education Program recently launched an online resource: www.betterdiabetescare.nih.gov. This Web site should help users design and implement more effective healthcare delivery systems for patients with diabetes.
What resources are available to support more widespread implementation of the glycemic guidelines?
Guidelines Evidence-based guidelines are a necessary component of effective chronic disease programs. Although many organizations have developed practice guidelines, they are frequently not implemented in practice for various reasons. Studies done at the University of Pittsburgh Medical Center demonstrated that interventions that included prompts, reminders, and timely laboratory results helped physicians to increase utilization of established evidencedbased guidelines, with a positive effect on patient care and outcomes (31) . Guidelines should always be easily accessible at the point of care (for example, in examination rooms, on patient medical records, and on office computers and personal digital assistants).
Clinical Information Systems
Clinical information systems help facilitate adherence to guidelines by providing all members of the health-care team with timely access to data. Examples of information systems include electronic medical records and diseasespecific patient databases or registries. These systems facilitate risk stratification, application of risk-specific interventions to improve diabetes care, and outcome evaluation. Use of such systems can enable health-care professionals to improve outcomes for their patients with diabetes and gain information on performance and results.
Other Resources
Many organizations conduct live diabetes-related educational programs. Other educational resources, including Web-based educational programs, teleconferences, medical journals, magazines, and newsletters, reinforce these educational efforts, as do books, manuals, and audiovisual materials. Many resources can be located through the Web sites of diabetes-related organizations and the National Diabetes Clearinghouse Table 2 .
Increasingly, educational materials for patients with diabetes have become available on organizational Web sites.
Table 2 Selected Useful Diabetes-Related Web Sites
Such organizational Web sites provide extensive information about diabetes and may include daily tips, risk tests for diabetes and its complications, recipes, guidance for exercise, and even computer forums to receive information from health-care professionals or exchange information with other patients who have diabetes.
Electronic media have also been used to support follow-up education (33) . Several computer-based interventions have been shown to be effective in improving physical activity levels and nutrition goals in people with diabetes (34) . Computer-assisted programs that facilitate goal setting and self-management planning, available on an office kiosk with a touch-screen computer, have been shown to improve self-care skills (35) . Similar applications are being included on diabetes-related Web sites or as software for personal computers and personal digital assistants. Web sites of the American Association of Diabetes Educators and the American Diabetes Association can help patients and health-care professionals locate programs and diabetes educators. A listing of selected diabetes-related Web sites is presented in Table 2 .
RECOMMENDATIONS
1. Detect and treat IGT for the purpose of preventing type 2 diabetes and potentially reducing cardiovascular disease:
• Use currently recognized profiles to identify patients at risk for type 2 diabetes, and perform a 2-hour oral glucose tolerance test • Promptly initiate education and appropriate therapy for reduction of known risk factors 2. Adopt an uncompromising treat-to-target approach to achieve and maintain glycemic goals in patients with diabetes:
• Initiate early treatment and persist with titration to achieve and maintain glycemic targets safely in patients with diabetes • Address postprandial glucose and fasting glucose levels to achieve target A1C safely • Minimize glucose excursions throughout the 24-hour period • Use combination pharmacologic therapy that is physiologic to address multiple disorders • Institute insulin therapy early when targets are not met • Combine pharmacologic treatment with medical nutrition therapy and other lifestyle interventions as initial therapy when appropriate 3. Promote the tools for patient self-management:
• Allocate necessary resources to support the provision of patient-centered team care • Promote and provide diabetes education
• Use SMBG to support therapeutic decisions and enhance patient education • Advocate system redesign to support a chronic care model in the treatment of diabetes
